Introduction. Our study aim was to evaluate standard ultrasound-derived fetal biometric parameters in the prediction of clinically significant intertwin birthweight discordance defined as ≥18%. Material and methods. This was a secondary analysis of a prospective cohort study of 1028 unselected twin pairs recruited over a two-year period. Dichorionic twins underwent two-weekly ultrasonographic surveillance from 24 weeks' gestation, with surveillance of monochorionic twins two-weekly from 16 weeks. Ultrasonographic biometric data from 24 to 36 weeks were evaluated for the prediction of an intertwin birthweight discordance threshold ≥18%. Umbilical artery Doppler waveform data was also analyzed to evaluate whether it was predictive of birthweight discordance. Results. Of the 956 twin pairs analyzed for discordance, 208 pairs were found to have a clinically significant birthweight discordance ≥18%. All biometric parameters were predictive of significant inter-twin birthweight discordance at low cut-offs, with low discriminatory powers when ROC curves were analyzed. Discordance in estimated fetal weight was predictive of a significant birthweight discordance at all gestational categories with cut-offs between 8 and 11%. A low-discriminatory power and poor sensitivity and specificity were also observed. An abnormal umbilical artery Doppler was predictive of birthweight discordance ≥18% between 28 and 32 weeks' gestation, although with poor sensitivity and specificity. Conclusions. Calculation of estimated fetal weight and birthweight discordance between twins allows minimal margin for error. These margins make it difficult to accurately predict those who are at or above the discordance threshold of 18%. These findings highlight that small intertwin discrepancies in weight and biometry should not be overlooked and merit further investigation.
Introduction
Developments in contemporary obstetrics such as advances in assisted reproductive technology and increasing maternal age have contributed to an increase in the incidence of twin pregnancy worldwide (1, 2) . This increase has been observed in both dizyogtic and, to a lesser extent, monozygotic twins (3) (4) (5) . It has also been widely reported that twin pregnancy carries significantly higher risks of perinatal morbidity and mortality when compared with singletons (6) (7) (8) .
In previous work by our group it was demonstrated that the threshold birthweight discordance that independently confers a heightened risk of adverse perinatal outcome for both di-and monochorionic twins without twin-twin transfusion syndrome is 18%. This threshold was shown to be associated with increased rates of perinatal mortality and a composite of perinatal morbidity that included respiratory distress syndrome, hypoxicischemic encephalopathy, periventricular leukomalacia, necrotizing enterocolitis and sepsis (9) . Earlier studies suggested that the threshold for clinically significant intertwin birthweight discordance was significantly higher (10, 11) .
This was a secondary analysis of the prospective ESPRiT Study (Evaluation of Sonographic Predictors of Restricted growth In Twins). A previous analysis from this study cohort, examining the predictive value of intertwin differences in biometric parameters in early pregnancy, demonstrated that an abdominal circumference discordance of greater than 10% between 14 and 22 weeks' gestation serves as the best individual predictor of perinatal risk in all twin pregnancies (12) . The present study was designed to determine if ultrasound-derived biometric parameters between 24 and 36 weeks' gestation or umbilical artery Doppler waveform data can optimally predict this birthweight discordance of 18%. Identifying twin pregnancies at highest risk for discordance-related perinatal morbidity would allow for more targeted prenatal surveillance. Accurate prenatal identification of twin pregnancies complicated by significant weight discordance is essential to identify those twins at risk while minimizing iatrogenic preterm delivery where perceived intertwin size differences are not clinically significant.
Material and methods
The ESPRiT study was a prospective study conducted across eight academic perinatal centers in Ireland, all with tertiary-level neonatal intensive care units, between May 2007 and October 2009. Institutional Review Board approval was obtained at each participating site and each of the study participants gave written informed consent.
This secondary analysis was designed as a distinct study with no overlap or repetition of any previously published data.
The primary aim of the ESPRiT study was to establish the level of birthweight discordance in twin pregnancies that would serve as an independent predictor of adverse perinatal outcome. Initial recruitment took place by identifying all twin pregnancies presenting to study centers between 11 and 22 completed weeks of gestation. For this prespecified secondary analysis, inclusion criteria were all twin pregnancies presenting to the study centers between 24 and 36 weeks' gestation with both fetuses alive at birth or at onset of labor. Exclusion criteria included monochorionic pregnancies with twin-twin transfusion syndrome (TTTS), a major structural abnormalitiy, fetal aneuploidy or monoamnionicity.
Women meeting the above inclusion criteria were subjected to a program of intense fetal surveillance. Twoweekly growth scans were performed from 16 weeks' gestation until delivery for monochorionic twin pairs and from 24 weeks' gestation in dichorionic pregnancies. Umbilical arterial and middle cerebral arterial Doppler waveforms were recorded in addition to fetal biometry. Examination at recruitment included biometric parameters (biparietal diameter, head circumference, abdominal circumference and femur length), placental localization, placental cord insertion site and determination of chorionicity. Biometric data as outlined above were recorded at all subsequent serial ultrasound examinations. Composite estimates of fetal weight were calculated using Hadlock's formula. For each ultrasound examination, fetal notation was assigned according to a standard protocol, as follows. At the time of ultrasound assessment, each fetus was assigned '1/2' based on proximity of each sac to the cervix. At each assessment the '1/2' labels were further qualified by recording the presentation of each fetus, position in relation to maternal right or left, placental location and fetal gender. In the event that fetal presentations changed, notation was maintained but the examinations recorded that 'fetus 1' was no longer the presenting fetus.
Chorionicity was assigned by standard ultrasonographic criteria (placental number, identification of lambda or T sign, intertwin membrane thickness and determination of fetal gender) at the first ultrasound evaluation and
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Calculation of estimated fetal weight and subsequent birthweight discordance between twins allows minimal margin for error. subsequent correlation was sought with placental pathologic examination. Chorionicity was confirmed with placental pathology examination after delivery.
Assessments were carried out by dedicated trained research ultrasonographers using standardized ultrasound equipment (GE Voluson Expert 730, GE Healthcare, Little Chalfont, UK). A quality review system was in place, requiring regular submission by ultrasonographers of images and Doppler traces to a central ultrasound quality assurance committee. All obstetric and ultrasound data were transferred to an ultrasound software system (VIEWPOINT â ) and uploaded onto a live web-based central consolidated database.
Statistical analysis was carried out using logistic regression models and receiver operator characteristic (ROC) analyses to determine (1) the optimal gestational ages for each biometry measure and (2) optimal discordance cutoffs for each biometry measure. The area under the curve (AUC), or concordance index (c-statistic), for each ROC curve is presented, in addition to optimal discordance cut-offs (using the method of Liu), sensitivities and specificities. Forward sequential logistic regression models were used to determine an optimal set of biometry parameters for each gestational age interval and were compared with other stepwise methods for consistency. The 1% level of significance was used for parameter entry/exit in the models. The biometry variables analyzed were as follows: estimated fetal weight (EFW); abdominal circumference; femur length; bi-parietal diameter and head circumference. The outcome analyzed was birthweight discordance ≥18%. Gestational age categories at four-week intervals were analyzed sequentially, from 24 to 36 weeks' gestation. Such sequential analysis allowed assessment of biometry in a prospective manner to reflect prospective management of pregnancy. This approach permitted different sample sizes in the gestational age categories, which may occur due to different gestational ages at recruitment and/or delivery. Median discordance rates were taken when more than one assessment within a gestational age interval was available.
Summary statistics were used to describe the study population characteristics and the sample size of each biometry variable available at each gestational age. The statistical software SAS â Version 9.2 (SAS Institute, Cary, NC, USA) was used for data management and statistical analysis.
Results
A total of 1028 unselected twin pairs were prospectively recruited over the course of the study period (May 2007 to October 2009). In all, 1001 patients delivered across the eight participating centers. The remaining 27 recruited pairs did not complete the study because of transfer of obstetric care to a non-participating center or due to research staff shortages, leading to an inability to complete the sonographic surveillance protocol. Single or dual fetal demise was identified in 24 pairs, such that complete fetal sonographic biometry and perinatal outcome data were available for 100% of the 973 participants who had two live fetuses with intact membranes at 24 weeks' gestation without the presence of major structural abnormalities or chromosomal abnormality. Seventeen cases of TTTS were identified and excluded, resulting in a study cohort of 956 twin pregnancies. Birthweight discordance at or above the previously identified threshold of ≥18% occurred in 208 (22%) twin pairs.
Twins with a birthweight discordance of ≥18% were more likely to be born to older mothers and were more likely to be delivered prior to 34 weeks' gestation. Baseline maternal characteristics are presented in Table 1 for these 208 twin pairs compared with the 748 twin pairs that were considered concordant (<18% birthweight discordance).
The sonographic predictors of a birthweight discordance ≥18% are presented in Table 2 . These are grouped in three gestational age categories, each comprising a four-week period from 24 to 36 weeks' gestation.
Intertwin disparity in EFW was found to be predictive of a birthweight discordance of ≥18% in all gestational age categories. In the interval between 24 and 28 weeks' gestation an EFW discordance of 11% predicted a birthweight discordance of ≥18% [p < 0.0001, odds ratio (OR) Mean AE SD and p-value from Student's t-test are presented for continuous variables, n (%) and p-value from Chi-square test are presented for categorical variables. *Indicates a significant finding.
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]. An intertwin EFW cut-off of 10% was predictive of significant birthweight discordance between 28 and 32 weeks' gestation (p < 0.0001, OR 2.1), whereas at 32-36 weeks' gestation a lower discordance threshold of 8% predicted significant birthweight (BW) discordance ≥18% (p < 0.0001, OR 2.3). The reported cut-offs were considered optimal, as they were found to provide the highest combination of sensitivity and specificity, i.e. discriminative ability. Individually, each biometric measurement (head circumference, biparietal diameter, abdominal circumference and femur length) was also found to be predictive of a BW discordance ≥18% at relatively low cut-off thresholds. Results for individual biometric markers can be seen for each gestational period in Table 1 .
The AUC for each biometric measurement can also be seen in Table 2 , with each measurement demonstrating a low discriminatory power. ROC curves (Figure 1 ) are grouped according to biometric parameter for each gestational age period and highlight these findings further. They show that EFW is the most sensitive and specific predictor of discordance ≥18% in all gestational periods, with only abdominal circumference between 32 and 36 weeks' gestation demonstrating a similar predictive value.
When umbilical artery Doppler studies were examined in all sets of twins, a pulsitility or resistance index >95% or absent end diastolic flow in at least one twin was predictive of birthweight discordance ≥18% between 28 and 32 weeks' gestation (p = 0.008; OR = 1.5). This predictive effect approached significance between 24 and 28 weeks' (p = 0.06; OR = 1.4) and between 32 and 36 weeks' gestation (p = 0.052; OR = 1.0). This predictive effect had low sensitivity and specificity in all gestational groups.
Discussion
Birthweight discordance in twin pregnancies is commonly observed and can reflect a constitutional difference between twins in their growth potential, particularly in the setting of dizygosity (13) (14) (15) . In some cases, however, birthweight discordance can reflect an underlying pathologic process such as TTTS, unequal placental sharing or selective placental insufficiency (15) (16) (17) . Our group has previously demonstrated that intertwin birthweight discordance ≥18% is associated with adverse perinatal outcome for both twins in a given pair even when neither twin is growth-restricted (9) . A discordance of ≥18% was predictive of adverse outcome in both dichorionic and monochorionic twins and hence analysis according to chorionicity was not carried out in the current study, which is simply about predictive/diagnostic accuracy. We excluded TTTS and structural anomalies and hence the manner in which discordance is calculated is unchanged by chorionicity.
The objective of this study was to examine the utility of standard prenatal ultrasound parameters in the second and third trimester for predicting significant birthweight discordance. In this secondary analysis we demonstrated that discordance in EFW of approximately 10% is predictive of an actual birthweight discordance of ≥18% across the three gestational age periods examined. We also found a significant correlation between smaller discordances in standard individual ultrasound parameters (biparietal diameter, femur length and abdominal circumference) between 24 and 36 weeks' gestation and a birthweight discordance of 18% or greater in twins. The majority of these measurements showed a significant correlation at low discordance levels, mainly between 5 and 10%.
Correlation of such minor perceived differences in sonographic parameters with clinically meaningful outcomes is unlikely to lead to a change in decision-making that reflects more aggressive management of pregnancies at risk for twin birthweight discordance, particularly when inter-and intra-observer variation in ultrasound estimates is taken into account. In analyzing the predictive ability of each biometric parameter alone and as a composite we found that a minimal perceived fetal discordance may translate to an actual birthweight discordance of 18% or more. This observation renders it difficult to rely on single or multiple biometric markers to predict a level of discordance associated with poor outcome and, even if significant discordance could be predicted, it does not necessarily follow that adverse outcomes could be entirely prevented.
These findings are in agreement with previous studies which demonstrated that ultrasound tends to underestimate twin BW discordance (17) (18) (19) . Reberdeao et al. found that in assessing the accuracy of paired EFWs in the third trimester, discordance was poorly predicted, as the larger twin was frequently underestimated (19) . Of note, however, these assessments were performed in the last 2 weeks prior to delivery, when each point estimate carries large margins of error. However, the findings from this study should highlight that small intertwin discrepancies in weight and biometry should not be overlooked and may merit further investigation. Future work in this area could focus on the accuracy of various formulas to calculate EFW and on the use of evolving technologies such as 3D scanning to improve diagnostic accuracy in situations where growth discordance is suspected.
Abnormal umbilical artery Dopplers were found to be predictive of significant birthweight discordance between 28 and 32 weeks' gestation. Although this correlation approached significance in other gestational age categories, it lacked sensitivity and specificity at all gestations. However, it is more likely that Dopplers are predictive of poor outcome in the presence of discordance rather than a reliable predictor of discordance in the first instance.
Although our findings demonstrate that discordance between biometric parameters can predict significant birthweight discordance, there is no one biometric measurement or time point at which we can clearly predict that a twin pair is at an increased risk of ≥18% birthweight discordance, and hence an adverse perinatal outcome.
Calculation of EFW and subsequent bodyweight discordance between twins allows minimal margin for error. These margins make it extremely difficult to accurately predict those who are close to the discordance threshold of 18%. Consider a twin-pair whose EFWs are 2.00 kg and 1.65 kg at 32 weeks' gestation. The corresponding EFW discordance is 18%. If the EFW of the smaller fetus is overestimated by just 50 g (i.e. by 3%) and the larger twin's EFW is underestimated by just 50 g (2.5% underestimate), then such minor deviations translate into an EFW discordance of just 12% .This illustrates how even a small margin of error in the estimation of fetal weight for each twin can magnify the resultant error in estimation of discordance. Such errors may result in interventions such as incresed surveillance or iatrogenic preterm delivery, which could theoretically increase neonatal morbidity, particularly at preterm gestations, due to inaccurate estimation of intertwin discordance.
Our findings are in agreement with the STORK multiple pregnancy cohort which showed that once structural malformations, chromosomal abnormalities, and twin-totwin transfusion syndrome have been excluded, secondtrimester EFW and abdominal circumference discordance have a poor predictive value for adverse perinatal outcomes in twin pregnancy (20) .
We feel our data is robust due to the fact it was gathered through a large prospective, well-managed study cohort. The results from this cohort have already yielded findings that have influenced practice on an international level. The data do have a weakness in that this is a secondary analysis and the cohort was not originally powered to examine the question raised in this study.
In conclusion, these data demonstrate that prediction of significant birthweight discordance between twins is challenging and that individual biometric markers and EFW have poor sensitivity and specificity, with an overall tendency for prenatal ultrasound to underestimate intertwin growth discordance. Alternative sonographic indices such as advanced multivessel Doppler should be examined in new studies for their capacity to better predict pathologic twin growth aberrations in utero, and hence improve twin perinatal outcome.
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